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Q ExpressWil No. EL514049149US 

SINGLE PORT CARDIAC SUPPORT APPARATUS 

This application is a divisional of application 
under 37 CFR 1.53(b) of pending U.S. Patent Application 
Ser. No. 08/891,456 filed on July 11. 1997. 

parircreOUND ™ INVENTION 

1. giftld of Tnvention 

The present invention relates generally to 
• apparatus and method for providing cardiac support 
during cardiac surgery. More particularly, the present 
invention relates to such apparatus and method for 
providing cardiac support which are less traumatic and 
invasive . 

2. nogrriptio " the Related Art 

When it is necessary to perform cardiac surgery, 
surgery has heretofore been accomplished by major open- 
heart surgical procedure, requiring general anesthesia 
and full cardio-pulmonary bypass (CPB) . Such surgery 
usually includes about three weeks of hospitalization 
and months of recuperation. Average mortality rate for 
this procedure is approximately 1% with complicate 
rate being substantially higher. Descriptions of open 
heart procedure can be found in Gibbon's Surgery of the 
Chest 5 th Edition, (David C. Sabiston, Jr., M.D. , Frank 
D. Spencer, M.D. 1990, Vol. 11, Ch. 52, pp. 1, 56-61, 
596, and Textbook of Interventional Cardiology, Eric. J. 
Topol, 1990, Chs. 43-44, pp. 831-867). 



Coronary artery bypass graft (CABG) procedure is 
one type of open chest surgical technique used to treat 
coronary artery disease. During the CABG procedure, the 
patient's sternum must be opened with the chest spread 
5 apart to provide access to the heart. The patient's 

blood is cooled and diverted from the patient's lung to 
an artificial oxygenator. A source of arterial blood is 
then connected to a coronary artery downstream from the 
occlusion while the patient undergoes cardiac arrest and 
10 is supported by a CPB circuit. The source of blood is 
often the left or right internal mammary artery and the 
target coronary artery is the anterior or posterior 
arteries which might be narrowed or occluded. 

]_5 While very effective in many cases, the use of open 

chest surgery is very traumatic to the patient. The 
procedure requires immediate post -operative care in an 
intensive care unit. The total period for 
hospitalization may be seven to ten days, while the 

20 total recovery period may be as long as six to eight 

weeks. In addition, open-heart procedure requires the 
use of CPB which continues to represent a major assault 
on a host of body systems. For example, in up to 24% of 
the open chest coronary artery bypass surgeries 

25 performed in the United States, there is a noticeable 

degradation of the patient's mental faculties following 
such surgeries. This degradation is commonly attributed 
to cerebral arterial blockage from debris and emboli 
generated during the surgical procedure. 
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in addition, much post -operative morbidity, and 
some mortality, is attributed to the shortcomings of 



CPB. 
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cttmm&KY OF TWF- TNVENTION 

It is an object of the present invention to provide 
an apparatus which provides cardiac support during 
cardiac surgery. 

It is another object of the present invention to 
provide such an apparatus which is less traumatic and 
invasive to the patient than current apparatuses used 
today . 

It is a further object of the present invention to 
provide a method for providing cardiac support using the 
features described herein. 

These and other objects are met by providing an 
apparatus that is used extravascularly, possibly trans- 
valvularly, and requires only one incision into a major 
blood vessel or heart chamber. The apparatus includes 
an elongated inner cannula which is inserted through a 
portal formed in a major blood vessel or heart chamber. 
Disposed coaxially over the inner cannula is an outer 
conduit or cannula. A blood pump, such as the reverse 
flow blood pump disclosed herein, is communicatively 
coupled between the proximal openings on the inner 
cannula and outer conduit . The blood pump may be 
selectively operated to pump blood from the distal end 
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of one cannula to the distal end of the other cannula. 
The distal opening on the inner cannula and outer 
conduit are spaced apart and disposed either „ 
di££ erent Wood vessels or transvalvularly » the heart. 

in this fashion, the apparatus of the present 
mention may be used in both right-heart and left^heart 
support applications. ,or right-heart cardrac support 

, „n lv the outer cannula may be secured 
bv way of example only, tne out 

thin a portal formed in the wall of the pulmonary 

t „e pulmonary artery, while the inner cannula rs 
extended through the outer conduit and pu mon va Iv 
such that its distal opening is positioned wrthrn the 

I entricle The blood pump may then be operated to 
15 right ventricle. 

re-route blood from the right ventricle into the 
pulmonary artery to assist or replace right-heart 
£ unctio, ,or left-heart . 

example only, the «^ c „ thit its 

20 portal formed in the wall of the 

distal opening is positioned within the aorta, ^e 
inner cannula is extended through the outer can ula the 
aortic va l ve , the left ventricle, and the mitra v 
such that its distal opening is positioned in the left 

25 ium . Th e blood pump may then be operated to re-route 

replace left -heart function. 

Optional balloons may be selectively inflated on 
30 the outside surface of the inner cannula or outer 
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conduit which act to seal off the passageway between the 
siaes of the blood vessel and the cannula, to cool 
adjacent tissue, or to deliver drugs to adjacent tissue. 

A method of providing cardiac support is also 
provided which involves the features set forth above 
regarding the apparatus of the present invention. 

Other objects and advantages of the present 
invention will become apparent from the following 
description of the preferred embodiments taken rn 
conjunction with the accompanying drawings wherein, like 
parts in each of the several figures are identified by 
the same reference characters. 

PIO 1 is a perspective view, partially in section, 
of the cardiac support apparatus disclosed herein being 
installed through a portal formed in the major blood 
vessel with the distal opening of the outer conduit 
disposed just inside the portal and the inner cannula 
being disposed transvalvularly in a heart chamber; 

FIG. 2 is a side elevational view, partially in 
, section, of the cardiac support apparatus; 

FIG. 3 is a sectional view of the apparatus taken 
along lines 3-3 in Fig. 2; 



FIG. 4 is an exploded, perspective view of the 
pump's housing body with an inlet tube and base plate; 

FIG. 5 is a side elevational view of the rotor; 

FIG. 6 is an illustration of the heart showing a 
portal formed in the pulmonary artery with the distal 
end of the outer conduit extending therethrough and the 
inner cannula being extending through the pulmonic valve 
and terminating in the right ventricle; and 

FIG. 7 is an illustration of the heart showing a 
portal formed in the aorta with. the distal end of the 
outer conduit extending therethrough and the inner 
cannula being extended through the aortic valve, left 
ventricle, and mitral valve and terminating in the left 
atrium. 

r>F.SCRIPTION OF THE PREFERRED EMBODIMENT (S) 

Referring to accompanying Figs. 1-7, therein is 
shown a cardiac support apparatus, generally referred to 
as 10, designed to provide cardiac support (right-heart 
and/or left-heart) during cardiac surgery. The cardiac 
support apparatus 10 of the present invention generally 
includes an inner conduit or cannula 20, an outer 
conduit or cannula 30, and a blood pump 50. The inner 
cannula 20 has a distal opening 22 that, in use, is 
positioned to extend past the distal opening 32 of the 
outer conduit 30. The blood pump 50 is communicatively 
coupled between the inner cannula 20 and outer conduit 



30 to selectively transport blood from one distal 
opening to the other distal opening. By using such an 
arrangement, only one portal is required into a ma,or 
blood vessel or heart chamber. 

in the embodiments shown herein, the inner cannula 
20 is shown and described as an inlet conduit designed 
to deliver blood to the pump 50 while the outer conduit 
30 is designed to transport blood away from the pump 50. 

10 It should be understood, however that the relative 

functions of the inner cannula and outer conduit may be 
exchanged depending on the desired positions of the 
distal openings of the. inner cannula 20 and outer 
conduit 30 and the direction of the flow of blood by the 

15 pump 50. 

The inner cannula 20 has a distal opening 22 and a 
proximal opening 24. During use, the distal opening 22 
is disposed in a major blood vessel, such as the aorta 
20 or in the right ventricle 97 as shown in Fig. 6. When 
blood enters the distal opening 22, it is transported 
through the inner cannula 20 to the pump 50. The pump 
50 then forces the blood through the outer conduit 30 to 
a downstream located blood vessel or chamber. 
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The inner cannula 20 is tubular and preferably made 
of flexible, bio-compatible material such as silicone, 
and reinforced with other material, such as steel wire, 
to provide sufficient radial stiffness to resist 
collapsing. The tip 25 of the inner cannula 20 is not 



reinforced and chambered to provide greater flexibility 
to improve advancement of the inner cannula 20 through 
small vessels or chambers and prevent trauma to 
surrounding tissue. Inner cannula 20 has a plurality of 
orifices 27 formed near its tip 25 to allow blood to 
flow into the inner cannula 20 when the distal opening 
22 is occluded. During use, a catheter or guide wire 
can also be. extended through the opening 24 which 
enables the inner cannula 20 to be disposed at a desired 
location in the body. The inner cannula 20 can have a 
permanent bend formed therein curved 10 and 20 degrees 
to facilitate installation and removal from a blood 
vessel or chamber. The inner cannula 20 may also have 
radiopaque material added or printed on its surface of 
visibility when exposed to X-ray radiation. 

The outer conduit 30 is tubular and made of 
flexible, bio-compatible material such as silicone, and 
reinforced with other material, such as steel wire, to 
provide sufficient radial stiffness to resist 
collapsing. The outer conduit 30 has a sufficient 
inside diameter so that the inner cannula 20 may be 
coaxially aligned therein and a blood flow passage 65 is 
created between the outside surface of the inner cannula 
20 and the inside surface of the outer conduit 30. In 
the embodiment shown in Fig. 1, the distal opening 32 of 
the outer conduit 30 is extended through a portal 91 
thereby creating a closed circuit between the inner 
cannula 20 and outer conduit 30. In the preferred 
embodiment, the outer conduit 30 is an introducer, a 



cannula, or a vascular graft, such as DACRON™ graft, or 
any other vascular graft available commercially and used 

for anastomosis. 

The pump 50 is, by way of example only, a reverse 
axial flow pump with coaxially aligned inlet and outlet 
ports formed therein. Pump 50 includes a rotor 70 
axially aligned inside a cylindrical -shaped housing body 
52. The rotor 70 is connected to a drive shaft 81 which 
is rotated at high speed by the driving unit 80. The 
distal opening of the housing body 52 is covered with a 
housing cap 60. The housing cap 60 is preferably made 
of stainless steel or a rigid polymer with a plurality 
of outflow windows 64 formed therein. The outflow 
windows 64 are radially aligned around the inlet neck 
62. The housing body 52 is cylindrical -shaped and 
includes a longitudinally aligned inlet tube 55. The 
inlet tube 55 is integrally attached at one end to the 
base plate 53 and includes a centrally aligned distal 
opening 56 and a plurality of radially aligned cut-outs 
57. Disposed longitudinally inside the inlet tube 55 is 
the rotor 70 . 

During operation, the rotor 70 is rotated which 
forces blood delivered to the inlet tube 55 through the 
cut-outs 57. The outside diameter of the inlet tube 55 
is smaller than the inside diameter of the housing body 
52 thereby creating a passageway 59 between the inlet 
tube 55 and the housing body 52. Attached over the 
distal opening of the housing body 52 is a housing cap 



60. The housing cap 60 includes a circular base member 
61 designed to attach tightly over the housing body 52. 
A cylindrical inlet neck 62 is perpendicular and 
centrally aligned on the base member 61. A plurality of 
outflow windows 64 are radially aligned on the base 
member 61 outside the inlet neck 62. The outer diameter 
of the inlet neck 62 is smaller than the inside diameter 
of the outer conduit 30 thereby creating a second 
passageway 65 for blood to flow through. The passageway 
59 and the outflow windows 64 of the housing cap 60 are 
aligned when the housing cap 60 and the housing body 52 
are assembled. 

As shown in Figs. 1 and 2, the apparatus 10 is 
assembled in an optional elongated, cylindrical body 40 
which connects to the proximal opening 34 of the outer 
conduit 30 designed to house the pump 50 and the drive 
unit 809. During use, the cylindrical body. 40 acts as a 
handle to enable the apparatus 10 to be placed in a 
desired location. In other embodiments, not shown, the 
pump 50 may be sealed and. attached to the outer conduit 
30 with the drive unit 80 located externally. 

During installation, the distal openings 22, 32, of 
the inner cannula 20 and outer conduit 30, respectively, 
are adjusted to be spaced apart and located in different 
blood vessels or opposite sides of a heart valve thereby 
enabling blood to be pumped from one blood vessel or 
chamber to another. The inner cannula 20 and outer 
conduit 30 are coaxially aligned and have sufficient 
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length so that only one portal opening is required into 
the major blood vessel or chamber. 

The placement of the apparatus 10 requires the 
anastomosis of the distal end of the outer conduit to 
the sides of the targeted blood vessel or chamber using 
thoracoscopic suturing, or microstapling. Prior to 
suturing the outer conduit 30 to the blood vessel, the 
blood vessel can be isolated using a » C» clamp or the 
use of thoracoscopic clamps best described in Evard, P. 
et a l. in U.S. Patent No. 5,425,705 or similar clamps 
capable of passing small ports on the patient's body and 
could isolate a section of a vessel without complete 
occlusion of the vessel in question. 



Fig. 6 is an illustration of the cardiac support 
apparatus 10 being used to provide cardiac support to 
the right side of the heart by pumping blood from the 
right ventricle 97 to the pulmonary artery 98. In this 
instance, a portal 91 is formed in the pulmonary artery 
98 through which the distal end of the outer conduit 30 
is extended. The inner cannula 20 is then inserted into 
the portal 91, through the pulmonic valve 95 and into 
the right ventricle 97. It will be appreciated that 
25 this same right -heart cardiac support could be 

accomplished (and is contemplated as being part of the 
present invention) by securing the outer conduit 30 
within a portal formed in the wall of the right atrium, 
right ventricle, or atrial appendage such that its 
30 distal end is positioned in the right atrium or right 
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ventricle, while the inner cannula 20 is extended 
therethrough such that its distal end is positioned 
within the pulmonary artery. In this arrangement, the 
pump 50 would reroute blood from the outer conduit 30 
into the inner cannula 20 for delivery into the 
pulmonary artery for right-heart cardiac support. 

Fig. 7 is an illustration showing the apparatus 10 
with the outer conduit 30 being attached to a portal 91 
formed in the aorta 92 and the inner cannula 20 being 
extended through the portal 91, then the aortic and 
mitral valves 96, 99, respectively, and into the left 
atrium. It will be appreciated that this same left- 
heart cardiac support could be accomplished (and is 
contemplated as being part of the present invention) by 
securing the outer conduit 30 within a portal formed in 
the wall of the left atrium or left ventricle such that 
its distal end is positioned in the left atrium or left 
ventricle, while the inner cannula 20 is extended 
therethrough such that its distal end is positioned 
within the aorta. In this arrangement, the pump 50 
would reroute blood from the outer conduit 30 into the 
inner cannula 20 for delivery into the aorta for left- 
heart cardiac support. 

After the portal is created in the desired blood 
vessel, the outer conduit 30 is then inserted into the 
portal 91. A suture may be used to hold the outer 
conduit 30 inside the portal 91. A commercially 
available high stiffness guide wire may be passed 
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through the outer conduit 30 to which the inlet cannula 
20 and pump 50 are attached. The length of the outer 
conduit 30 must be sufficiently long to accommodate the 
pump 50. After placing the pump 50 in the outer conduit 
30, the outer conduit 30 is filled with a saline 
solution, the pump 50 is primed if necessary, and air is 
completely removed from the pump 50 and the outer 
conduit 30. The driving unit 80 is then installed over 
the proximal end of the pump 50. A silicone plug or 
similar hemostasia valve must be used to seal the outer 
conduit 30 if the driving unit 80 is located externally. 

After the installation. is completed, the " C" clamp 
is released gradually and hemostasis at all possible 
bleeding sites are examined visually or with the aid of 
a viewing scope inserted into the body. Assuming 
acceptable hemostasis is achieved, then the " C" clamp 
300 may be completely released but kept in a position to 
clamp the anastomosis site in case of emergency. 

At this point, the guide wire can be advanced with 
the help of imaging techniques to dispose the distal end 
of the inlet cannula 20 in the desired blood vessel or 
heart chamber. While positioning the distal end of the 
inlet cannula 20, the pump 50 may need to be advanced in 
the outer conduit 30 by pushing the positioning rod into 
the outer conduit 30. A suture or laproscopic clamping 
device may then be used to hold the apparatus in place. 
After securing the apparatus 10, the guide wire is 
removed from and the pump 50 is activated to initiate 
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blood pumping. 



After the pump 50 is activated, a drug known to 
slow or completely stop the heart can be administered as 
required. The pumping rate of the pump 50 is then 
adjusted to maintain sufficient circulation. The 
pumping rate can also be adjusted to accommodate changes 
in the circulatory demand. The pump 50 can also be 
equipped with means (not shown) for measuring blood 
pressure, the presence of blood at the tip of the inner 
cannula, or other parameters that could indicate to the 
treating physician if a change in speed is required. 
Also, the apparatus 10 may include sensors (not shown) 
that sense the pressure at the proximal distal opening 
of the inner cannula 20, wherein a preset pressure 
change could signal the need to change the pumping 
capacity of apparatus 10. For example, when the 
pressure at the distal end of inner cannula 20 decreases 
by a certain degree, which indicates the commencement of 
pump suction, a controller used with the apparatus 10 
could signal the user or automatically decrease the pump 
speed to return to a pre -selected pressure at the inner 
cannula 20. 

To remove the apparatus 10, the suture or 
laproscopic clamping device is first disconnected 
enabling the apparatus 10 to move. The pump. 50 and 
inner cannula 20 is retracted though the outer conduit 
30, the tt C" clamp 300 is clamped, thoracoscopically the 
anastomosis is restored using common thoracoscopic 
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technics for suturing or stapling, then anastomosis is 
reeved and the patient- s s*in would is closed us.ng 
known techniques for wound closure . 

Also, as shown in Pig. 7, an optional balloon 85 
may he disposed on the outside surface of the inner 
cannula 20 to seal, or to deliver a cool fluid or 
m edication to the adjacent tissue. The balloon 8 » 
d isposed around the inner cannula 20 and connected to 
conduit 86 through which air, a suitable coolant, or 
medication .ay be transported to the balloon SB. When 
the balloon 85 is used to deliver medicatron, a 
plurality of perforations 87 may be formed on the 
surface of the balloon 85 to allow medication to be 
delivered to the surrounding tissue. 

using the above described apparatus, a method of 
providing cardiac support is also provided which 
includes the following steps: 

a selecting a blood flow apparatus including a 
generally coaxially aligned and slideably arranged inner 
conduit and outlet conduit, and a blood pump disposed 
therebetween, the blood pump capable of pumping blood 
through a body; 

4-^i -in a blood vessel or heart 
; b. forming a portal in a Diooa 

chamber; 

e securing the outer conduit within the portal; 
„ inserting the inner conduit through the portal 
so that the distal opening of the inner cannula « 
„ disposed on an opposite side of a desired heart valve as 
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the distal opening of the outer conduit; and 

e. activating the pump so that blood is pumped into 
the distal opening of one of the inner conduit and outer 
conduit and transported out of the distal opening of the 
other of the inner conduit and outer conduit . 

in compliance with the statute, the invention, 
described herein, has been described in language more or 
less specific as to structural features. It should be 
understood, however, the invention is not limited to the 
specific features shown, since the means and 
construction shown comprised only the preferred 
embodiments for putting the invention into effect. The 
invention is, therefore, claimed in any of its forms or 
modifications within the legitimate and valid scope of 
the amended claims, appropriately interpreted in 
accordance with the doctrine of equivalents. 
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